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Abstract  
“Magnetoelectric effect in piezomagnetic-piezoelectric composites” 
Composite materials have a remarkably wide variety of practical applications, 
including their use in: temperature sensors; strain gauges; infrared absorbers; 
antireflective coatings; chemical sensors; and acoustic actuators. The behavior of 
such materials is dramatically altered by variation of the relative volume fractions of 
the composite’s constituents. The change in the composites properties with 
compositional variations cannot usually be described using a simple formalism; thus, 
the fundamental study and measurement of, the properties of composite, remains an 
active area of basic and applied research. 
Now a days search for magnetoelectric (ME) oxide materials is a very 
emerging topic with perspectives of applications in the domain of memories. When 
ME composites are placed in the external magnetic field, mechanical stress is 
induced in the magnetostrictive phase which induces strain on the piezoelectric 
phase. The strained piezoelectric phase produces electric polarization due to the 
piezoelectric effect. ME materials including single phase and composites have the 
ability to convert the magnetic energy into the electrical energy and vise versa. Only a 
few single phase materials exhibiting inherent coupling in multiferroic order 
parameters at and above room temperature produces a weak ME signal, which 
hinders their device applications. The magnetoelectric effect observed in ME 
composites is based on the product property of composites. The coupling interaction 
between piezoelectric and magnetostrictive phases with high values of piezoelectric 
and magnetostrictive coefficients respectively could produce a surprisingly large ME 
response, several orders of magnitude higher than that in single phase ME materials 
so far available at room temperature. Hence now days there has been continues 
interest in the magnetoelectric effect in composite materials rather than single phase.  
Bulk composites have the advantage of superior mechanical strength over 
layered samples. One could easily control physical, magnetic, ferroelectric, dielectric, 
and magnetoelectric parameters with proper choice for the two phases and their 
content. A novel ME particulate ceramic composite system (f) Ni(1-x)CoxFe2O4 + (1-f) 
Pb(Mg1/3Nb2/3)0.67Ti0.33O3 (with x = 0, 0.2, 0.4, 0.6, 0.8, 1 & f = 0, 0.15, 0.30 and 0.45 
and 1) were studied successfully. A number of new findings have been made in the 
field of magnetoelectric composites. The lattice constants and lattice strain was 
calculated using the X-ray diffraction data. The scanning electron microscopic images 
in backscattered electron mode shows different types of connectivity schemes with 
content of Ni(1-x)CoxFe2O4 phase. Further we have successfully correlated the effect of 
connectivity schemes with ME coupling behaviour. The temperature dependent 
dielectric properties show interesting behaviour in which both the transitions related to 
ferroelectric and ferromagnetic are observed. Lorentz-type relation is successfully 
used to describe the diffuse phase transition for temperature dependent dielectric 
behaviour of ME particulate composites. The temperature dependent dc resistivity of 
all the samples was recorded using two probe technique. The change in activation 
energy was co-related to the ferroelectric to paramagnetic phase transition. All the 
composites exhibit simultaneous ferroelectric as well as ferrimagnetic ordering, which 
shows the multiferroic property of the ME composites. The porosity of the samples 
was calculated using liquid immersion method which suggests that the porosity of the 
composites is dependent on the content of individual phases. Further we have 
discussed the effect of porosity on the ME properties of the composites.  
The ME coefficient for all the composites were measured using static ME set 
up developed in the lab. All the magnetic field dependent ME measurements show 
peak behaviour, which we have explained on the basis of magnetic field dependent 
variation of magnetostriction and piezomagnetic coefficient behaviour is studied for all 
the ferrite samples. The strong compositional dependent ME voltage coefficient is 
common feature for ferrite based composites. In the present study the magnitude of 
the ME coefficient is found to be high for low ferrite contained ME composite. The 
high value of ME coefficient for composite containing 0.15 mole % ferrite as 
compared with composites containing 0.30 mole % and 0.45 mole % ferrite, is due to 
increases percolation path, which causes leakage of charge carriers. We conclude 
that a ME composite having 0-3 connectivity i.e. the uniform distribution of ferrite 
grains in the matrix of ferroelectric grains, reduces the percolation and in turn 
increases the ME output. The ME studies show that high resistive magnetic phase 
with high piezomagnetic coefficient in low magnetic field region is helpful to enhance 
the ME coupling. The present data suggest that the ME interaction depends on the 
magnetostriction behaviour, piezomagnetic coefficient, resistivity, content of 
constituent phases and connectivity between the phases.   
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